Approximately 7% to 28% of medical trainees, regardless of their level of training or specialty, will require remediation in the form of an individualized learning plan to achieve competence. [1] [2] [3] [4] Among medical students, reported deficits include inability to integrate large amounts of material, poor time and stress management, and poor test-taking skills; among residents, they include insufficient medical knowledge, poor clinical judgment, inefficient use of time, inappropriate interactions with patients and colleagues, and unacceptable moral behaviors. [4] [5] [6] Despite the magnitude of this problem, it remains a challenge for medical educators to identify underperforming learners, isolate learners' areas of deficiency, create and implement effective remediation plans, and conduct unbiased reassessments of learners' progress. 7 In 2009, Hauer and colleagues' 8 thematic review of the literature on the remediation of medical students, residents, fellows, and practicing physicians revealed that only a few small studies had been published on the subject. Moreover, the reviewed studies were predominantly focused on the remediation of specific skill sets and did not demonstrate standardized methods that would provide the evidence necessary to guide best practices in remediation. The authors called for more research on this topic, specifically for studies with higher power and clearly defined methods and outcomes.
In that review, Hauer et al 8 also proposed a model of remediation that included assessment of the learner's competence, diagnosis of the learner's deficiency, and development of an individualized learning plan incorporating deliberate practice, feedback, reflection, and, finally, a focused reassessment. 8 Their model is derived from prior work on expert performance showing that expertise is earned through intentionally practicing tasks beyond one's level of comfort and competence under the guidance of a coach. The coach's role is to provide feedback and teach self-reflection. 9 The remediation program at the University of Colorado School of Medicine was created in 2006 and is based on the aforementioned principles of deliberate practice, feedback, and reflection. 10 Here, we report the findings of the prospective observational study we conducted to identify the deficits of the learners referred to the remediation program during its first six years and predictors of poor academic outcomes. After describing our remediation 
Method
During 2006-2012, 151 learners were referred. After a standardized assessment process, program faculty developed individualized learning plans that incorporated deliberate practice, feedback, and reflection, followed by independent reassessment. The authors collected data on training levels, identified deficits, remediation plan details, outcomes, and faculty time invested. They examined relationships between gender, training level, and specific deficits. They analyzed faculty time by deficit and explored predictors of negative outcomes.
Results
Most learners had more than one deficit; medical knowledge, clinical reasoning, and professionalism were most common. Medical students were more likely than others to have mental well-being issues (P = .03), whereas the prevalence of professionalism deficits increased steadily as training level increased. Men struggled more than women with communication (P = .01) and mental well-being. Poor professionalism was the only predictor of probationary status (P < .001), and probation was a predictor of other negative outcomes (P < .0001). Remediation of clinical reasoning and mental well-being deficits required significantly more faculty time (P < .001 and P = .03, respectively). Per hour, faculty face time reduced the odds of probation by 3.1% (95% CI, 0.09-0.63) and all negative outcomes by 2.6% (95% CI, 0.96-0.99).
Conclusions
Remediation required substantial resources but was successful for 90% of learners. Future studies should compare remediation strategies and assess how to optimize faculty time.
program, we describe and compare the types of deficits addressed during remediation, the faculty time required for remediation, and learners' academic outcomes. We also analyze learner feedback on the remediation program. The goal of our study was to help educators better predict the needs of struggling learners and guide future resource allocation and program development.
The Remediation Program at the University of Colorado School of Medicine
Learners at all levels of training-medical students, residents, fellows, and attending physicians-self-refer or are referred to the remediation program director (J.G.) for assessment and remediation. Medical students are referred by their clerkship or course directors, and residents and fellows are referred by their program directors. Learners at these levels are referred because they have received repetitive negative comments on rotation evaluations, have failed or are in danger of failing a rotation, or are no longer in good academic standing and have been placed on a letter of warning or focused review. Attending physicians participate in the remediation program through self-referral only.
The remediation program faculty represent multiple medical specialties and are medical education specialists who have been recognized locally and nationally for their teaching abilities. One of these remediation specialists conducts a semistructured intake interview with each referred learner. This interview has been designed to address the Accreditation Council for Graduate Medical Education competencies, 11 with some of the competencies subdivided to enable faculty to better customize remediation plans. It explores areas including the learner's medical knowledge, clinical skills, clinical reasoning, time management and organization, interpersonal skills, communication skills, professionalism, and mental well-being. (The interview guide is available as Supplemental Digital Appendix 1 at http://links.lww.com/ ACADMED/A179.) For the purposes of our program, mental well-being includes psychiatric diagnoses, substance abuse, learning disabilities, and psychosocial stressors.
After the interview, if the learner is a student, the student affairs dean convenes a "Success Team"; if the learner is a resident, fellow, or attending, the remediation specialist convenes this team. The Success Team comprises the learner and a remediation specialist; it may or may not include faculty from the referring clerkship/course or the learner's specialty, a psychiatrist or mental health professional, and the student affairs dean or program director. This team reviews a summary of the interview and the learner's academic record, plus available reports from the Colorado Physicians' Health Program, neuropsychiatric testing, direct observation, and additional evaluations as needed. Using the gathered data, the team determines the likely areas of deficiency and which deficit to target first during the remediation process. In general, our remediation program addresses deficits individually so as not to overwhelm the learner. Whenever possible, the Success Team makes decisions about the learner on the basis of facts or group consensus to help mitigate biases.
The Success Team then creates and implements a remediation plan to address the identified deficit. The plan includes deliberate practice, timely and regular feedback, and a chance for the learner to reflect on his or her performance. 8 Remediation plans are conducted according to the guidelines in Remediation of the Struggling Medical Learner.
12 (For a sample remediation plan, see Appendix 1.) The remediation specialist is charged with facilitating the remediation plan with other involved faculty and also providing individual remedial skills teaching and feedback as needed. For students, the student affairs dean is notified of the plan and receives progress updates at weekly meetings with the remediation specialist. For residents and fellows, program directors are notified of the plan and receive weekly progress updates via telephone or e-mail. Once the first deficit has been addressed, learning plans are subsequently created for each additional deficit, if more than one is present. Occasionally, while one deficit is being addressed, improvement is noted in other identified deficits.
The Success Team chooses a reassessment method based on the deficit and notifies the learner. Reassessments are performed by faculty members from other departments or hospital sites who are unaware of the learner's remediation status and consist of routine elements of the course or rotation, such as end-of-rotation global assessments, direct observations, National Board of Medical Examiners shelf exams or other multiple-choice question exams, or standardized patient encounters. The course, clerkship, or program director receives the results and makes the ultimate decision about success or failure of the remediation efforts. Attendings are reassessed both through their annual departmental review process and by the institution-wide medical board that assesses practice privileges.
The decision to place a learner on probation after the initiation of remediation is made by the promotions committee (for a medical student), program director (for a resident or fellow), or division head (for an attending physician); it is never made by members of the learner's Success Team. The team's initial learner assessment and remediation plan, as well as reassessment results, are made available to those determining probationary status.
Method

Study design
From July 2006 to June 2012, 151 learners were referred to the University of Colorado School of Medicine remediation program. The remediation program director (J.G.) kept a confidential record of the learners enrolled in the program, their levels of training, their identified deficits, their remediation plan details, and their academic outcomes through graduation or completion of this study in October 2012. We asked faculty assigned remediation tasks to record time spent face-to-face with the learner. (This did not include time for planning, assessment, or preparing the remediation plan.) Within an individual's remediation, time per deficit was not tracked.
We e-mailed each of the learners a single invitation to participate in a Web-based survey, hosted at SurveyMonkey (www. surveymonkey.com), one month after he or she completed the remediation program. Participation in the survey was voluntary and anonymous. The survey included five items concerning the learner's opinion of the program and postprogram perception of skills, which were rated using a five-point Likert scale (ranging from strongly disagree = 1 to strongly agree = 5). These items were followed by two free-text comment boxes for feedback on the benefits of the program and ways in which it could be improved. At the end of each academic year, a research assistant collated all of the survey data and deidentified content of the free-text responses. This study was approved by the Colorado Multiple Institutional Review Board.
Data analysis
We calculated descriptive statistics; to ensure confidentiality, we combined data for fellows and attendings as "postresidency learners." We analyzed between-group comparisons using the chi-square test. We used the Fisher exact test to examine the relationships between gender, level of training, and specific deficits. We used analysis of variance (ANOVA) to explore faculty time on the basis of deficit. To identify predictors of negative academic outcomes-such as not matching into a residency position, being put on probation, or failing to graduate-we conducted logistic regression analysis and the Fisher exact test using gender, deficit, and faculty time. We considered a P value < .10 on chi-square, the Fisher exact test, and ANOVA to be significant for entry into the logistic regression model; for all other analyses, we considered a P value < .05 to be significant. Two research assistants independently reviewed the qualitative data collected via the free-text comments and categorized the data into themes. They then discussed the themes and combined them after reaching consensus.
Results
Of the 151 learners referred to the remediation program, 72 (48%) were medical students, 65 (43%) were residents, and 14 (9%) were postresidency learners. Two of the referred learners did not complete the program: One was placed on probation, and the other withdrew from the training program. Overall, more men (n = 89; 59%) than women (n = 62; 41%) were referred (P = .04). Almost all of the referred learnersincluding all residents, fellows, and attendings, and most medical students (68/72; 94%)-had failed an exam, a course, or a rotation, or were failing a midcourse assessment or annual review. Ten (6.6%) of the 151 learners selfreferred to the program, all for at least poor medical knowledge after failing a standardized exam. Self-referred learners were otherwise statistically the same as referred learners in terms of deficits identified, faculty face time required for remediation, and academic outcomes.
None of the learners were on probation at the time of referral.
Deficits and faculty time
Most learners had more than one deficit, with a mean (standard deviation [SD]) of 2.14 (1.37) deficits for medical students, 1.59 (0.77) for residents, and 1.80 (1.15) for fellows and attendings. Medical knowledge, clinical reasoning, and professionalism were the most common deficits identified (Figure 1) . Difficulties with mental wellbeing-including psychiatric diagnoses, substance abuse, learning disabilities, and psychosocial stressors-were significantly more prevalent among medical students than other learners (P = .03). Men were more likely than women to have difficulties with mental well-being (P = .06) and significantly more likely to have communication deficits (P = .01; see Supplemental Digital Figure 1 Although trends emerged among the learners, the only statistically significant finding was that mental well-being difficulties were more common in medical students (P = .03). Most learners had more than 1 of the 10 deficiencies studied.
with the comorbid deficit of either clinical reasoning (P < .001) or mental well-being (P = .03) required significantly more faculty time than learners without either of these deficits (Table 1) .
Academic outcomes
Fourteen (9%) of the 151 learners were placed on probation during remediation: 4 (6%) of the 72 medical students, 7 (11%) of the 65 residents, and 4 (29%) of the 14 postresidency learners. Our logistic regression analysis identified poor professionalism as the only predictor of being placed on probation (P < .001). In addition, 3 (4%) of the medical students did not match into any residency program. All 3 displayed interpersonal skills deficits. Neither number of deficits nor combination of deficits was predictive of academic outcome. Having been placed on probation was the greatest predictor of a poor academic outcome such as restricted practice, transferring but not graduating, or withdrawing (P < .0001). Faculty face time significantly reduced the odds of probation by 3.1% per hour (95% CI, 0.09-0.63) and of all negative outcomes by 2.6% per hour (95% CI, 0.96-0.99).
Survey results
Of the 151 referred learners, 120 (79%) responded to the survey after completing the remediation program. The majority of respondents agreed or strongly agreed that the program had helped them address challenges or gain skills that would help them succeed, and that they had been supported by the remediation program ( Figure 2 ). Of the 69 respondents who wrote comments, 53 (77%) expressed appreciation for the availability and approachability of faculty, 47 (68%) commented on the productive and honest feedback they received, 22 (32%) noted that the remediation plan was customized to their needs, 16 (23%) appreciated the extra teaching, and 9 (13%) appreciated the recognition of the improvements they (14) 2 (14) 0 (0) 1 (7) *Of the 151 learners referred to the program during the study period, 136 (90%) had what the authors considered to be successful academic outcomes: graduated from their training programs, were in good academic standing, transferred to another program and graduated, or were practicing without restrictions. No learners were dismissed. † Postresidency learners include fellows and attending physicians.
had made. Suggestions for improvements to the program included cutting down on clinical responsibilities during remediation (n = 44; 64%), knowing more about the program in advance of the referral (n = 32; 46%), and knowing about the program earlier in training (n = 15; 22%).
Discussion
Published studies on the success of programmatic remediation efforts are small, and their reported outcomes are highly variable. One study showed that 80% of the medical students who required remediation in their thirdyear medicine clerkship went on to have a successful intern year, receiving only favorable comments on their evaluations. 13 Another study, however, reported that 15 of 17 surgical residents with performance problems still had those problems by the end of the training program. 7 Our study on the remediation program at the University of Colorado School of Medicine is the largest and most comprehensive of its kind to date. We found that deficits among learners varied by learner level, that certain deficits were correlated with the amount of time needed for remediation as well as probationary status, and that increases in faculty time significantly reduced the odds of a negative outcome.
While medical knowledge, clinical reasoning, and professionalism were the most common deficits identified in this study, underperforming learners also struggled with a broad spectrum of competency-based deficits, and most had more than one deficit. Several prior studies have acknowledged that the first recognized deficit is often linked to broader concerns involving multiple deficits. 1, [14] [15] [16] A recent study 17 found that the average number of deficits per resident was 2.6, which is just slightly higher than the 1.59 per resident in our study. Although the terms used to define the deficits in that study were slightly different, the same themes arose, with problems with medical expertise, professionalism, and communication being the most prevalent. 17 Medical students in this study were more likely than other learners to be identified as having mental well-being issues. This may be because students are under the stressors of having their career paths determined by their grades and receive higher-stakes evaluations than do learners later in training. The difference may also reflect a cultural shift toward acknowledging, treating, and reporting mental illness. A prior study 15 noted that 32.6% of residents in difficulty had depression, anxiety, or personality disorders that contributed to their poor performance, which is slightly higher than but consistent with our finding of 29% of referred residents.
Professionalism deficits consistently and steadily increased for each level of training. There are several possible explanations for this finding: Expectations of professional behavior change as a physician takes on more responsibility; burnout rates increase from medical school throughout residency into practice [18] [19] [20] ; peers, who may help mask unprofessional behavior, are less present during clinical care; and attendings and fellows may feel that they can be less restrained in their behavior.
Remediation of struggling learners requires substantial resources. 15 In our study, the remediation of clinical reasoning and communication deficits took the most faculty face time. To develop clinical reasoning skills, an underperforming learner requires ample face time with faculty to learn how to develop a framework for clinical problem solving and then to test this framework on a wide variety of cases in which the learner vocalizes his or her thinking to more seasoned clinicians and teachers. Faculty aid 0% 20% 4 0% 60% 80% 100%
I feel this program helped me to address the challenges that I or others had idenƟfied
As a result of parƟcipaƟng in this program, I gained skills or strategies that will help me succeed in medical school/residency.
As a result of parƟcipaƟng in this program, I gained skills or strategies that will help me to succeed in my chosen profession.
I felt the goal of this program was to help me succeed.
Overall, I felt supported by this program.
Strongly Agree Agree Neutral Disagree
Percentage of respondents the learner in following the necessary steps of the decision-making process, identify errors, and correct faulty reasoning. The remediation of communication deficits requires faculty to observe numerous sessions in which the learner interacts with real or standardized patients so that faculty may provide feedback and determine whether the learner is incorporating that feedback in subsequent encounters.
Learners who struggled with mental wellbeing required significantly more faculty face time than other learners. Such issues often limit the pace at which a learner can acquire new information and skills because they limit the ability to remain on task while studying and learning. [21] [22] [23] Among the learners placed on probation, we found poor professionalism to be the only consistent and strong predictor of this outcome. This finding may reflect tolerance for other areas of incompetence if the learner is trying and displays some insight, or it may reflect the difficulty of addressing professionalism issues and their persistence despite remediation. Such persistence of poor professional behavior in this subset of learners may also explain why those placed on probation were more likely than others to have poor academic outcomes. This is consistent with prior studies showing a correlation among practicing physicians between disciplinary action by a state medical board and prior unprofessional behavior as a medical student. 24, 25 Remediation time, as measured in faculty face time, was shown in this study to reduce negative academic outcomes and to reduce the odds of a learner being placed on probation. Prior work has shown that without specialized remediation, struggling learners simply spend more time using previously unsuccessful learning methods rather than changing their strategies, and, therefore, are more likely to fail again. 26, 27 One way to decrease faculty face time would be to provide remediation to learners in small groups, which would also enhance sharing of and reflecting on ideas, allow learners to critique each other's work, and provide a means for peer-to-peer emotional support. 28 It can be challenging, however, to define "success" with remediation. For some learners, success means being able to practice medicine safely and independently, whereas for others, it means changing career paths. Of the learners who entered our remediation program, 90% achieved what we considered to be successful outcomes. The remaining 10% of learners were placed on probation or were otherwise restricted, transferred to another training program and failed to graduate, or withdrew from their training program. None of the learners in our study were dismissed. Our results are slightly better than those reported by Dupras et al, 15 who found that 12.6% of residents were placed on probation, 4.7% were dismissed, and 7.9% resigned. These differences may be due to varying definitions and the lack of standardization at a national level of who should be placed on probation.
Not only did remediation work, but learners also felt that the program had benefited them as individuals. Most of the learners who offered suggestions for improvements identified issues that could be addressed prior to enrollment in the program. These included providing more information about the program so that it would become a wellknown resource on campus.
This study had several limitations. It was conducted at a single institution with a program dedicated to underperforming learners and a specific culture of learners. It is possible that not all learners in need of remediation were identified and included in the program, although attempts were made to be all-inclusive. Learners with minor deficits were more likely to have been excluded. Further, there is no standard definition of what constitutes a "deficit." In this study, deficits were linked to the most appropriate category by a group of authors with expertise in remediation; however, these categories are not mutually exclusive, leading to challenges with misclassification bias. 29 Additional factors such as learner age, referral source, presence of documented disability, and willingness to participate were not included in the data collection.
In summary, although remediation of struggling learners requires substantial resources, it can be very successful. Additional studies are needed to compare remediation strategies, assess how to optimize faculty time, and explore whether there is a maximum amount of time one learner should be offered for remediation. Until then, remediation programs should maximize underperforming learners' potential by following the basic tenets of early identification, diagnosis of specific areas of deficiency, and design of remediation plans that are based on learners' greatest deficits and incorporate deliberate practice, feedback, and reflection.
